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SUMMARY 


This  report  covers  the  Contractor*  s progress  for  the  period 
15  September  through  15  Deoeaber  1953  in  the  desigi,  development,  oon- 
otruotion  and  operation  of  the  RTV-N-12a  Viking  rocket  for  the  Naval 
Research  Laboratory  under  Contraot  N6-onr-171» 

During  this  period  am  amandment  to  Contraot  N6-onr-171  was  re- 
ceived, authorising  the  repair  of  Viking  No.  10.  This  ie  the  rooket 
that  had  sustained  extensive  damage  in  its  tail  section  as  the  result 
of  a thrust  oylinder  explosion  and  fire  that  occurred  during  an  at- 
tempted firing  on  30  June  1955 • 

All  items  of  work  being  aoooqplished  under  the  aforementioned 
amendment  are  progressing  satisfactorily  and  current  manufacturing 
schedules  indicate  the  rooket  will  be  ready  for  delivery  during  the 
next  report  period. 

On  1 November  1953  e oontract  was  let  to  Reaction  Motors,  Ino.  for 
the  repair  of  the  Viking  10  powerplant.  A second  oontract  covering  RMI 
field  service  representation  is  ourrently  being  negotiated. 

In  addition  to  the  effort  being  expended  on  the  repair  of  Viking 
No.  10,  whioh  is  the  last  flight  article  to  be  delivered  under  Navy 
Contract  N6-onr-171,  design  and  manufacture  of  four  additional  rookets 
(identified  as  Vikings  11-lU)  is  ourrently  being  conducted  under  Navy 
Contraot  Nonr-847(00)  for  the  Naval  Research  Laboratory. 
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I.  DESIGN  AND  MANUFACTURE 


A.  DESIGN 

During  this  report  period  all  of  the  engineering  ohanges  neoeaaary 
to  accomplish  the  repair  of  Viking  10,  whioh  was  damaged  during  flight 
operations  at  NSPO  ( GLM  ER  6001),  were  drawn  and  released  to  the  Manu- 
facturing Division. 

These  ohanges,  whioh  are  considered  desirable  from  the  standpoint 
of  building  an  improved  rooket,  inoludei 

1)  Alcohol  Tank  - Install  wave  guide  ( instrumentation) . 

2)  Lox  Tank  - Install  permanent  door  in  SW  side  where  speoial  NRL 
equipment  was  previously  installed* 

3)  Tail  Seotion  - To  be  of  ihe  Viking  11  desigi* 

U)  Instrumentation  - Instrumentation  to  be  revised  per  NRL  Instru- 
mentation letter  for  the  rebuilt  rooket. 

5)  Hydraulic  Syatem  - Revised  to  Viking  11  system. 

6)  Peroxide  System  - Revised  to  Viking  11  system. 

7)  Controls  Conponents  - Will  be  Viking  11  system  as  modified  to 
utilise  components  salvaged  from  No.  10. 

8)  Electrical  System  - Revised  to  be  oonpatible  with  the  systems 
installed  in  the  rooket.  It  will  be  essentially  the  No.  11 
system  with  ohanges  as  required  to  use  the  reworked  No.  10 
ooiqponents  and  as  required  by  the  NRL  Instrumentation  letter. 

9)  Fins  - Revised  fin  blooks  in  the  FW  and  SS  fins  in  accordance 
with  Viking  11  drawings. 

10)  Powerplant  Installation  - Revise  hi$i  pressure  aloohol  distri- 
bution line  bulkhead  fittings  as  per  Viking  No.  11. 


B.  MANUFACTURE 


Fabrication  of  the  tail  seotion  and  fins  for  Viking  10  was  completed 
and  final  assembly  of  the  besio  rooket  was  accomplished  without  incident. 
System  installations  are  now  being  made. 
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Herein  ia  a partial  list*  of  reoovered  structural  and  equipment 
components  that  were  found  to  be  suitable  for  installation  in  the  rebuilt 
rooket. 

1)  Hose  and  Forward  Instrument  Seotion  - Delivered  to  Naval  Re- 
search Laboratory. 

2)  Propulsion  System  - The  poworplant  end  all  operational  components 
have  been  returned  to  Reaotion  Motors,  Ino.  All  units  suitable 
for  reclamation  will  be  installed  on  the  repaired  powerplant. 

3)  Tail  Seotion  - To  be  replaoed  coup  lately,  with  exoeption  of  ap- 
proximately lCj£  of  the  reoovered  detail  parts  being  reusable. 

U)  Fuel  System  - Except  for  the  replacement  of  one  diffuser  line 
and  four  flexible  hoses,  this  system  will  be  reused  in  its 
entirety. 

5)  Lox  System  - All  components  forward  of  the  welded  bullchoad  fit- 
ting were  salvaged.  Everything  aft  of  this  point,  including 
all  small  tubing  will  be  replaoed. 

6)  Gas  System  - The  sphere  has  been  pressure  testod  and  is  satis- 
factory for  reinstallation.  All  tubing  will  bo  replaced. 

7)  Peroxide  System  - Both  tanks  will  be  reused.  See  Seotion  II 
for  comprehensive  information  on  micromotors. 

8)  Hydraulio  System  - Pump  and  roservoir  are  to  bo  reused.  Re- 
placement of  the  aooumulator  and  all  tubing  will  be  neoessery. 

9)  Eleotrical  System  - Completely  replaced. 

10)  Instrumentation  - All  instrumentation  aft  of  the  in-between  tank 
seotion  will  be  replaoed,  along  with  all  wiring  and  tubing.  This 
inoludes  the  Government  furnished  commutators. 


* Status  of  additional  reoovered  components  is  presented  in  the  following 
seotions  of  this  report. 
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II.  PROPULS ICK 


A.  VIKING  10  PER0X1DK  MOTORS 

All  of  the  H2O2  motors  whioh  had  boon  installed  on  Viking  10  at  the 
time  of  the  aborted  flight  firing  were  returned  to  GUI  with  the  rooket. 
These  were  subsequently  removed  and  subjeoted  to  a functional  test.  Per- 
formance of  the  roll  system  motors  was  aooeptablej  however,  when  the 
pitoh/yaw  units  were  operated,  a malfunction  in  the  form  of  high  pressure 
surges  was  enoountered.  This  anomaly  resulted  in  damage  of  varying  degrees 
to  all  four  motors.  In  the  oase  of  motor  No.  35.  the  head  of  the  unit 
aotually  ruptured  (Fig.  l).  The  pitoh/yaw  motors  whioh  are  looated  in 
the  tail  seotion  of  the  rooket  apparently  had  sustained  oritioal  fire  and 
water  damage  when  the  tail  seotion  of  the  rooket  exploded  and  burned  dur- 
ing a scheduled  flight  operation  on  30  June  1953  (GLM  ER  6001).  This  was 
evidenced  by  the  large  qusuitities  of  oxidisation  found  on  the  catalyst 
aoreen  ends,  when  the  motors  were  later  opened. 


B.  POWRPLANT  REPAIR 


RMI  powerplant  No,  12  has  been  bench  oheoked  and  released  for  in- 
stellation  in  Viking  10  whioh  is  ourrently  being  rebuilt.  This  powerplant 
is  being  used  with  the  aforementioned  rooket  since  its  original  powerplant 
(No.  10) cannot  be  repaired  in  suffiolent  tins  to  meet  present  delivery 
aohedules. 

A repair  oontraot  for  the  damaged  engine  wss  let  to  Reaotion  Motors, 
Ino.  on  1 November  1953*  Deliver/  will  bo  made  in  April  195^  and  this 
powerplant  will  be  installed  in  Viking  No.  1 U (Vikings  11  through  li»  ore 
ourrently  being  desired  and  manufactured  under  Navy  Contraot  Nonr-8L7(  00)  • 


C.  MAIN  TANKS 


The  liquid  oxygen  and  aloohol  tanks  for  Viking  No.  10  were  reoandi- 
tioned  and  pressure  tested  prior  to  their  release  to  manufacturing  for 
final  assembly.  Some  difficulty  was  enoountered  during  the  oleansing 
of  the  aloohol  tank  when  evidenoe  of  contamination  was  found  in  the  for- 
ward end  of  the  tank.  Conoentrated  scrubbing  with  added  detergent  was 
required  before  the  oondltion  was  rectified. 


/ 


us  n *•»>  scis9o 


THE  GLENN 
BALTIMORE 


l MARTIN  COMPANY 
MARYLAND 


MODEL  RTV-N«12a 
ER  NO.  6l6 h 

PAGE  6 


III.  AERODYNAMICS 


Pin  alignment  on  rebuilt  Viking  No.  10  was  oompleted  during  this 
report  period.  Of  the  original  fins  on  thia  rooket  only  two  oould  be 
salvaged  for  reuse.  The  SB  fin  waa  returned  to  Vising  10  and  the  NB  fin 
was  installed  on  Viking  11.  Hie  latter  installation  was  made  in  order 
to  facilitate  manufacturing  aohedules.  The  NW  and  SW  fins  were  damaged 
beyond  repair  and  were  therefore  rejeoted  as  musable. 

The  repair  of  Viking  No.  10  when  ooroplete  will  include  a oontrol 
system  which  has  been  designed  for  Viking  No.  11,  under  Navy  Contraot 
Nonr-£l+7( 00) * A theoretioal  analysis  of  this  system  (Seotion  IV)  shows 
the  rooket'  s oontrol  and  response  to  be  better  than  that  obtained  with 
the  system  used  in  Viking  No.  10.  Provided  no  further  changes  are  made 
in  the  present  system,  it  is  oonoluded  that  no  alteration  will  be  neoes* 
aary  to  the  existing  Viking  No.  10  ground  oonraand  oontrol  oharts. 
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IV.  CONTROLS 


A.  VIKING  NO.  10  CONTROLS  COMPONENTS 


Following  the  return  of  all  reoovered  Viking  No.  10  flight  compon- 
ents, a salvage  evaluation  was  made  of  eaoh  item  for  the  purpose  of  de- 
termining its  possible  reuse.  With  exoeptlon  of  the  forward  oontrola  can, 
gyros,  and  related  oonneotors,  all  oontrols  units  whioh  had  been  reooveisd 
from  the  rooket  had  to  bo  written  off  as  "not  repairable”.  This  inoluded 
the  spools  and  valve  blooks  whioh  were  salvaged  from  the  servo  paokagee 
for  possible  reclamation. 


B.  VIKING  NO.  10  CONTROL  SYSTEM 


Mien  repair  of  the  damaged  rooket  was  first  proposed,  a oonparison 
of  the  Viking  No.  10  oontrol  system  and  the  improved  system  to  be  installed 
in  Viking  No.  11  was  made.  As  a result  of  this  study  it  was  deoided  to 
rebuild  the  damaged  rooket  using  the  latter  system.  Reasons  for  this  con- 
clusion were  t 

1)  Although  fli^it  performance  of  the  pitoh/yaw  oontrol  system  had 
been  proven,  considerable  diffioulty  was  always  enooiaitered  in 
obtaining  a satisfactory  performance  with  the  type  transfer  valve 
employed  in  the  Viking  No.  10  system.  Use  of  a Type  907  Moog 
valve  in  the  Viking  No.  11  desi&i  is  also  oonsidered  to  offer 

a definite  improvement  in  set-up  time,  performanoe,  and  reli- 
ability. The  operating  oharaoteristios  and  adjustments  of  re- 
lated eleotranio  components  likewise  represent  a considerable 
improvement  over  the  older  design. 

2)  Performanoe  of  the  HgOg  Jet  motor  oontrol  system  as  well  as  the 
aerodynamio  roll  tab  oontrol  system  had  been  inproved  in  the 
Viking  11— liu  design  and  is  better  established  through  a series 
of  dynamio  mock-up  tests.  Sinoe  the  older  systems  oould  not  be 
oonsidered  as  satisfactorily  flight  proven  it  was  desirable  that 
the  oontrol  system  of  the  rebuilt  rooket  incorporate  these  new 
features  e 


C.  CONTROLS  CAN 


Following  a deoision  to  rebuild  the  tail  section  for  Viking  No.  10, 
a spare  No.  10  main  oontrols  oan  was  rewired  internally  to  oonforra  with 
the  No.  11  main  oan  oirouitry.  With  the  exoeptlon  of  changes  required 
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by  the  addition  of  peroxide  jet  motor  control  slave  relays  and  a phyaioal 
separation  of  the  two  roll  valves,  the  wiring  of  Viking  Ho.  10  remained 
basioally  unchanged.  At  present  both  re o ore red  forward  oontrols  cans  and 
their  chassis  have  been  reoonditioned  and  inspected.  The  rewired  main 
ooutrols  can  has  been  inspected  and  ohecked  out  operationally. 


D.  GROUND  EQUIPMENT 


During  this  period  the  portable  terminal  cart  and  the  oontrols 
firing  panel  were  completely  rewired  and  in  some  oases  the  oomponents 
were  repackaged.  This  equipment  has  been  made  oorapatible  for  the  faotory 
checkout  of  Viking  No.  10  as  well  as  the  Viking  11-lU  series. 


a 
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V.  STRUCTURES 


A.  QIMBAL  RING  PINS 


As  a result  of  the  failure  of  two  glrfcal  ring  pins  during  the  at* 
tempted  flight  and  sxploaian  of  Viking  No.  10#  it  was  considered  neoessary 
to  verify  the  ultimate  strength  of  these  pins  relative  to  other  components 
in  the  powerplant  system  subjected  to  the  explosion.  To  accomplish  this, 
destruction  tests  were  made  on  four  pins  using  a test  fixture.  Pins,  bush* 
ings,  and  bearings  from  existing  stook  were  used  in  the  tests.  The  follow* 
ing  results  were  obtained i 


Pin  Ho. 


Undercut  Dia. 
( Inches) 

.69U7 

.6907 

•(972. 

.6931 


Ult.  Load 
Lbs ./frln 

27.000 

25.900 

25.100 

28.800 


Time  to  Ult. 
Load  ( Seos. ] 


Lindt  Load  * 12,000  lbs ./pin 

An  effort  was  mads  to  apply  the  load  at  the  maximum  rate  in  order 
to  simulate  the  thrust  buildup  time  of  the  rocket  engine.  Maximum  pin 
overhang  (bushing  to  bearing)  of  0.7  lnohes  was  used  in  all  oases.  Failure 
ooourred  at  the  mderout  diameter  from  bending  and  shear.  The  pin  bent 
before  failure  to  an  angle  of  approximately  5 degrees. 

The  ultimate  strength  of  the  weakest  pin  being  15.100  poinds  greater 
than  limit  load,  or  corresponding  to  a rooket  thrust  of  50,200  pounds, 
it  is  felt  that  the  desigp  of  the  gimbal  ring  pins  is  adequate,  parti- 
cularly when  compared  to  the  strength  of  the  rooket  motor. 

Be  or  use  the  pin  irate  rial  (SAE  I4IJ4O)  is  relatively  insensitive  to 
even  high  velocity  impact  loads,  it  is  believed  that  the  pin  failure  in 
Viking  No.  10  resulted  from  excessive  pressure  within  the  rooket  chamber. 


B.  VIKING  NO.  10  ALCOHOL  TANK 


Subsequent  to  the  customer' s deoision  to  re -fly  ship  number  10.  a 
proof  test  of  Ihe  aloohol  tank  was  oonduoted.  The  tank  was  subjected  to 
various  pressures  end  end  loads  that  simulate  flight  loads  during  ascent 
(Ref.  Gill  ER  5092).  This  test  was  considered  neoessary  to  verify  tank 
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strength  following  a partial  buokling  of  the  shell  from  external  pres- 
sure . This  external  pressure  occurred  when  aloohol  oontinued  to  drain 
after  the  tank  vents  were  closed,  following  the  explosion  in  the  tail 
section  of  the  rooket.  Die  pressure  was  finally  relieved  by  putting  a 
bullet  hole  in  the  upper  section  of  the  tank  by  means  of  rifle  fire.  The 
proof  test  of  the  tank  was  accomplished  without  incident  and  the  tank  has 
been  used  in  repairing  Viking  No.  10. 
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VI.  INS  1KUM5NIA  TION 


An  advance  oopy  of  the  instrumentation  letter  for  ohanges  to  Viking 
No.  10  installations  has  been  reoeived  from  NRL.  Changes  in  the  mioro- 
wave  experiment  between  the  main  propellant  tanks,  involving  addition  of 
a waveguide  between  stations  130  and  386  and  elimination  of  ooaxlal  power 
oables.  and  deletion  of  the  base  pressure  piokup  and  strain  gage  instal- 
lation are  among  the  major  revisions. 

Die  wiring  diagram  which  was  released  is  very  similar  to  the  original 
drawing  for  Viking  No.  10.  but  the  diagram  was  separated  from  the  master 
wiring  diagram  and  assigned  a new  number  (260-1030001). 

Two  additional  pressure  pickups  are  being  used  on  the  robuilt  rooket 
for  measurement  of  aloohol  and  oxygen  pump  discharge  pressures. 

Pin  temperature  measurements  have  been  reduced  to  seven  gages  on 
two  fins  (SE  and  NE)  as  shown  on  Olii  drawing  260-0000093*  One  of  the 
original  fins  (SE)  la  to  be  used  again)  two  (NTf  and  SW)  were  oonstruoted 
without  gages  before  the  deoision  to  rebuild  was  made  and  the  seoond  gage 
installation  was  made  in  a new  fin. 
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VII.  FIELD  OPERATIONS 


A.  FIELD  CRET 


With  the  conclusion  of  operations  in  connection  with  the  abortive 
flight  attempt  of  Viking  No.  10.  all  oontraotor  field  personnel  were 
returned  to  GLH,  Baltimore.  It  is  currently  planned  to  support  future 
operations  with  Contractor* s field  personnel  being  made  available  on 
temporary  assijjnosnt  as  required  by  the  rocket  firing  schedule. 


B.  lEIGHDJG  DEVICE 


The  Baldwin  SR-b  load  cells  have  been  removed  from  the  launch  stand 
weighing  devioe  and  returned  to  the  manufacturer  to  be  reconditioned  and 
calibrated.  It  is  expected  the  units  will  be  returned  to  the  test  site 
not  later  than  1 February  195U. 
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Because  of  our  limited  supply,  you  are  requested  to  return  this  copy  WHEN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 


NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIOTTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT~MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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